Inflammatory reaction in patients with acquired bronchiectasis based on the interleukin 1α and interleukin 10 levels measured using the ELISA method Răspunsul inflamator la pacienţii cu bronsiectazii bazat pe nivelurile interleukinelor 1α şi 10 măsurate prin metoda ELISA
Inflammatory cytokines seem to show the most promise in the pathology of bronchiectasis (17) . Interleukins are signalling proteins or molecules belonging to the group of cytokines and are mostly secreted by lymphocytes but can also be secreted in small quantities by monocytes, macrophages and endothelial cells (18) .
Experimental part
For the purpose of the study, two groups were formed. The first group included 57 patients with non-cystic fibrosis bronchiectasis diagnosed exclusively by computed tomography (CT), and the second group included 20 control subjects with no previously diagnosed bronchiectasis pathologies who were considered to be healthy individuals, based on the fact that they did not present any symptoms of bronchiectasis (chronic cough, sputum production or progressive dyspnoea). Table 1 presents an overview of the group of patients in terms of gender, age, leukocytosis, anaemia and the isolated germ that brought the patients to the hospital for admission in the first place. The subjects were selected from the patients of the Cluj-Napoca Lung Clinic (Clinica de Pneumoftiziologie "Leon Introduction Bronchiectasis is an irreversible disease caused by repeated bacterial infections and chronic inflammation. It is still a major cause of respiratory morbidity, but it is a relatively common disease. Mucociliary clearance is impaired, and therefore, the airways are vulnerable to repeated colonization by pathogens (1) . The true prevalence of bronchiectasis remains unknown although this disease has been recognized and diagnosed more and more in the past two to three decades (2) .That being said, after the development of modern X-ray imaging, especially high-resolution computer tomography, which quickly became the "gold standard", the diagnosis of bronchiectasis has never been as easy, affordable and accessible as it is now. Patients suffering from this disease often exhibit chronic cough with expectoration; dyspnoea, which is progressive; pulmonary function deterioration; recurrent exacerbations (bacterial infections) and a reduced quality of life (QOL), as well as shortened life expectancy (1, (3) (4) (5) (6) . Treatment protocols are not very well defined and remain largely empirical (7) , and despite the treatment, patients still present symptoms and lung function alteration (8) . Respiratory morbidity and the overall QOL of patients with bronchiectasis remain the most significant aspects of this disease, and it has become abundantly clear that more studies concerning its treatment are urgently needed (2, 9, 10) . The main treatment for bronchiectasis remains antibiotic therapy. More and more frequently, macrolides are prescribed in the form of long-term treatment to patients with non-cystic fibrosis (CF) bronchiectasis, given their proven efficacy in the management of some chronic inflammatory airway diseases, especially CF and diffuse panbronchiolitis (11) (12) (13) . Macrolides are an old class of antibiotics with both an antimicrobial and an anti-inflammatory effect (14, 15) . This repeated cycle of bacterial infections and inflammation in the pathogenesis of bronchiectasis suggest that long-term macrolide therapy could be beneficial in case of these patients by reducing the microbial load and inhibiting inflammation. However, the effect of longterm antibiotics (including macrolides) on bronchiectasis remains unclear and controversial despite the fact that they are largely used and have effect to a certain degree. Lately, there has been an increased interest in diagnosing bronchiectasis as easily as possible, with emphasis on its evolution and effect on the QOL. In this sense, there have been several attempts to trace certain non-specific and/or specific inflammatory markers in the inflammatory reaction found in patients with bronchiectasis. Some studies have shown that inflammatory (pro-as well as anti-inflammatory) cytokines drawn by infections and recurrent inflammation play a very important role in the pathogenesis of bronchiectasis, but it is not yet clear if their role is to accelerate the development of bronchiectasis or to stop their evolution (16) . After a detailed analysis of the medical history, blood samples were taken to perform complete blood counts and serum biochemistry. Sputum samples were taken for bacteriological examination, which included Gram, AFB -acid fast bacilli (BAAR), KB Koch bacilli culture and aerobic culture. Bronchial aspiration fluid to perform GRAM stain and BAAR microscopic examinations for Mycobacterium tuberculosis were also performed for the patients who did not show any bacterial growth from the spontaneous sputum sample or could not provide a good quality sputum sample. The next step referred to paraclinical investigations: spirometry to determine possible ventilatory dysfunctions, exhaled nitride oxide, 6-minute walk test and chest X-ray. Computed tomography was carried out after the general assessment and paraclinical examinations of the patients presenting general symptoms specific to bronchiectasis. This investigation was carried out in all the patients with suspected bronchiectasis, using "multidetector CT", which generates more accurate results than classic CT. After studying the results of the imaging investigation, only the before-mentioned 57 patients remained in the study.
It is worth mentioning that these clinical and paraclinical investigations were carried out independent of this study, which is an observational study and does not condition the diagnostic or therapeutic conduct in case of these patients. The patients diagnosed with bronchiectasis, based on the abovementioned investigations, were given the option to be part of the study. After obtaining their informed consent (approved by the ethic committee of the university), we continued with blood sampling for specific and specialized investigations over the course of the current research. This did not compel to or imply any financial involvement of the patients. At least two phials of 4 ml whole blood have been sampled from each patient. These were kept at room temperature for at least 30 minutes (60 minutes optimum but with a uniform interval for all the samples). After 30 (namely, 60) minutes, the blood underwent centrifugation for 10 minutes at 1000 rotations per minute, according to the specifications of the manufacturer of the Booster TM interleukin kits. The resulting supernatant (serum), which needs to amount to a total of 3 ml (optimal amount being 4 ml) was stored in two phials at -20°C, for at least one month, during which sufficient samples were gathered for long-term storage at -70°C, until all the samples were gathered for processing. Enzyme-linked immunosorbent assay (ELISA) spectrophotometry was used to determine the plasmatic levels of interleukin 1a and interleukin 10. Two devices from different manufacturers were used to further increase the accuracy and relevancy of the study. The spectrophotometers used were Biotek and Sunrise having the same characteristics, especially the same bandwidth. This method was preferred in order to allow a comparison between the two readings of the same plate with 96 wells. Conveniently, the results obtained with each of the devices, with two readings for each, were almost identical. Thus, all the micro test tubes (wells) were appropriate, and none of the kits was unusable. It should also be noted that each of the two interleukins has been analysed in duplicate, for the same reason, so that the results are as accurate and precise as possible. The ELISA technique used represents a molecule (proteins, carbohydrates, etc.) detection method using enzyme-conjugation antigen/antibody complexes. This is a highly sensitive method, and it is expressed in pg/ml. It may be qualitative or quantitative and uses monoclonal antibodies and enzymes. For this study, the results were expressed in pg/ml and were quantitative. The enzymes represent biochemical catalysers, compounds that increase the speed of chemical reactions occurring in biological systems, without being consumed in the process. Thus, we may infer that the intensity of the generated reaction (namely, the staining of the micro test tubes) is directly proportional to the quantity of enzymes in the respective biological product. The biochemical enzymes used in this measurement are peroxidase, alkaline phosphatase, glucose oxidase and G6PH. The biological samples to which this technique is applicable are serum, plasma, urine, stool sample, synovial fluid, Cerebrospinal fluid and bronchoalveolar lavage fluid. However, for our study, we used only serum from patients with acquired bronchiectasis and healthy control subjects. The SigmaPlot 12.0 program was used for statistical analysis, and the significance was demonstrated with a p value <0.05, as it has become a standard approach. For the assessment of the studied data, in addition to the descriptive statistical methods, we used the independent-samples t-test for normal distribution variables and the Mann-Whitney U test for variables that were not normally distributed. Logistic regression analysis was used to assess the significant inflammatory reaction in the observed subjects. The Chi-Square test was used to compare the anti-inflammatory and proinflammatory responses in both groups, and the odds ratio (relative risk) with a confidence interval of 95% was calculated to determine risk factors.
Results
For a better understanding of the study and of its purpose, the results will be presented in two separate categories: the results for interleukin 1a and the results for interleukin 10.
Interleukin 1a
This is a proinflammatory interleukin, and it is one of the most unspecific inflammation protein markers. This interleukin was used in the hope that it could demonstrate the accuracy of the study comparing the unspecific general proinflammatory Table 3 . Average IL10 values and standard deviation. response based on this interleukin and the anti-inflammatory one based on interleukin 10. Table 1 reveals the interleukin 1a average in patients with acquired bronchiectasis compared to the results from the serum of the studied control subjects and its standard deviation. By applying the t-test to determine the statistical value of these results, we obtained a p value of 0.043. This shows that the statistical relevance of the comparison between the two groups, namely, the subjects with acquired bronchiectasis and the healthy control subjects, is low. The IL 1a value was not significantly different in the two groups. The highest value obtained in subjects with acquired bronchiectasis was 77.34, while the highest value in the healthy control group was 67.54. The minimum value determined for the studied groups was 41.50 in patients with acquired bronchiectasis and 46.78 in healthy control subjects. These results are represented in Chart 1.
There was no clear difference in the interleukin-1a values between the patient group (acquired bronchiectasis substantiated by CT investigations) and the control group represented by healthy subjects (or who at least exhibit no bronchiectasis). We can go so far as to say that the control group exhibits slightly higher overall values compared to the patient group. For a better visual perception of the antigen/antibody action that has taken place so that the spectrophotometer could read the lengths of the light beam, we can refer to Figure 1 -photo taken before the wells were analysed. 
Interleukin 10
This interleukin is anti-inflammatory by nature, and the mean values obtained for both groups are represented in Table 3 . The difference in the values of IL 10 obtained in the two groups was statistically significant. The highest value obtained in subjects with acquired bronchiectasis was 53.07, while the highest value in the healthy control group was 48.62. The minimum value determined for the studied groups was 39.31 in patients with acquired bronchiectasis and 38.77 in healthy control subjects, and the maximum value was 81.93 in the patient group and 60.12 in the control group. The p value for this comparison was 0.13, which makes this comparison statistically relevant. These results are represented in Chart 2.
The main purpose of the present study was to determine whether there is any difference in the plasmatic levels of some specific interleukins in patients with acquired bronchiectasis compared to healthy controls. The study also analysed two sides of the same coin by taking into consideration the differences in both anti-inflammatory and proinflammatory interleukins.
Discussion
Chronic inflammation and recurrent infections are the foundation of the disease called bronchiectasis. As expected, the response of the organism is one of inflammatory nature and can be a very significant one for that matter. The inflammatory response is translated into the serum as the release of specific inflammation proteins such as IL-6, IL-8 Chart 2
and leukotriene. (19) . The response mentioned before is one of proinflammatory nature and is to be expected in patients with an acquired form of bronchiectasis. Some recent studies have shown that there is a significant difference in anti-inflammatory interleukins in patients with acquired bronchiectasis compared to healthy subjects. In one study, the authors opted to analyse interleukin 4 and interleukin 6 and also anti-inflammatory and proinflammatory cytokines.
The results of the study were interesting in the sense that there were significant differences in the group with bronchiectasis compared to the healthy group. The conclusion of the study was that there seems be a certain immunosuppressive condition in patients with acquired bronchiectasis (20) , which remains to be seen after more in-depth tests (particularly, bronchoalveolar lavage interleukin measurements) are performed on subjects with acquired bronchiectasis.
As an example of the in vivo applicability of interleukins, there is a specific but also multifunctional interleukin responsible for the stimulation of mucus hypersecretion. Some studies have found that interleukin 4 is one of the major interleukins responsible for this hyperreaction by stimulating the mucussecreting tissue but that it is also linked to B lymphocytes (21) . Bronchiectasis just like COPD is frequently associated with smoking, and given the exposure to this inhaled irritant, there will always be a chronic pulmonary inflammation, hence the elevated serum levels of interleukins. The relation between C-reactive protein and the plasmatic levels of some interleukins (e.g. IL-6) has been studied only in relation to COPD revealing that it can be connected to some phenotypes of this disease, especially the acute-phase proteins. The biggest problem that remains is that it is practically impossible to completely exclude the non-disease-related factors such as lifestyle and/ or socioeconomic conditions (22, 23) . Most studies of interleukin plasmatic levels (especially, interleukin 4 and interleukin 12) are performed on chronic pulmonary diseases such as COPD, chronic bronchitis and asthma.
The most extensive studies are on and about asthma and the key proteins in the allergic response. Fewer studies also show the relation between the smoking behaviour in COPD, as well as in chronic bronchitis, and the plasmatic levels of these interleukins (24) . These interleukins are an acute reaction to the smoking habit and exposure, which is why in ex-smokers with COPD, there is no plasmatic increase that can be of relevance to the severity or even clinical profile of the disease (25, 26) . Looking over the specific literature, there are no relevant studies of the plasmatic levels of pro-or anti-inflammatory interleukins in the bronchiectasis disease, but we can find some correspondence between chronic bronchitis, COPD and smoking given the fact that these pathologies intertwine on many occasions aggravating each other. The main idea that can be drawn is that there is still an overall increase in plasmatic inflammatory (proand anti-inflammatory) cytokines in all the chronic pulmonary inflammatory diseases including bronchiectasis. The fact that there is a relation between these inflammatory proteins and pulmonary inflammatory diseases and the smoking behaviour leads to the main finding that there is a possible cytokine involvement in the evolution of bronchiectasis.
There is a study that shows the direct involvement of interleukin 4 in goblet cell metaplasia with a direct effect on airway epithelial cells (27) .
Conclusions
Interleukin 1a measurements have proven that there is no significant difference between the two groups. However, this was to be expected considering that it is a "broad spectrum" interleukin with a proinflammatory role. This can support the idea that there is always an active inflammatory process somewhere in the human body and it is involved not solely in the bronchiectasis-induced inflammation but also in unspecific proinflammatory systemic reactions and should not be considered for future studies in this direction. On the other hand, the value of interleukin 10 is higher in the group of patients with acquired bronchiectasis compared to the healthy control group. Given the fact that this specific interleukin has an anti-inflammatory role, we can observe that out of the two proteins studied, the anti-inflammatory reaction is the most active one. Thus, this study infers that patients with acquired bronchiectasis exhibit a systemic reaction to the inflammation caused by the disease and tend to reduce this process by releasing proteins with anti-inflammatory properties meant to reduce the process. Clearly, at this time, we cannot state with certainty that this interleukin reacted purely because of the bronchiectasis, but still the difference between the groups is significant. This inflammatory phenomenon, as well as a better staging and assessment of the evolution of bronchiectasis, could be better understood and mapped if there were a subsequent study based on more than two interleukins and these proteins were analysed from the bronchoalveolar lavage, as well as from the serum of patients with diagnosed acquired bronchiectasis compared to that of healthy controls.
